Abstract Background: Iliopsoas tenotomy is a treatment for snapping hip. Does this surgical procedure change the surrounding muscle and tendon anatomy? Questions/ Purposes: This study seeks to evaluate the changes in the MR appearance of the hip muscles and iliopsoas tendon in patients following arthroscopic iliopsoas tenotomy. Methods: One hundred sixty-nine consecutive adults were evaluated after iliopsoas tenotomy at the lesser trochanter. Each MR exam was evaluated independently by three radiologists for muscle edema, atrophy (grade 0-4), compensatory hypertrophy, signal within the iliopsoas tendon (increased on T1 or T2 sequences), and iliopsoas tendon morphology (distorted or disrupted) above, at, and below the iliopectineal eminence. A finding was considered positive if reported by two or three of the radiologists. Results: Twenty subjects met the inclusion criteria. Muscle edema was present in 15% (3/20) of subjects within the iliacus, psoas, and quadratus femoris. The majority of postoperative symptomatic patients has atrophy of the iliacus and psoas muscles and distortion and disruption of the iliopsoas tendon and should be recognized as a normal imaging appearance following iliopsoas tendon release.
Introduction
A painful snapping hip may have an external, internal, or intra-articular cause [1, 2, 8] . In our experience, internal snapping of the iliopsoas tendon is the most clinically significant cause for a painful snapping hip. This snapping is most commonly caused by conflict between the iliopsoas tendon and muscle [4] , but can also be due to catching at the iliopectineal eminence or snapping across the femoral head [1] . Spinal radiculopathy and iliopsoas tendinosis should not be confused at MR imaging. With iliopsoas tendinosis, there would be a thickened, hypoechoic, iliopsoas tendon while with spinal nerve root compression the iliopsoas would have normal diameter and morphology.
Treatment for the snapping iliopsoas tendon can include conservative measures such as rest, anti-inflammatory medications, physical therapy, and injection of corticosteroids into the iliopsoas bursa but may require in nonresponders open surgical or endoscopic release and lengthening of the iliopsoas tendon [1, 2, 7, 8, 12] .
To date, no study has been performed to evaluate the MR imaging findings of the hip following arthroscopic iliopsoas tenotomy. The goal of this study was to evaluate the changes in the magnetic resonance (MR) appearance of the hip muscles and iliopsoas tendon in patients following arthroscopic iliopsoas tenotomy performed for snapping hip and to determine their relationship to hip function. In particular, we aimed to (a) describe the degree to which the ilioposoas and other muscles develop atrophy, (b) provide a detailed description of the MR signal changes before and after surgery, and (c) correlate MR findings with changes in the modified Harris hip score.
Materials and Methods
The study was performed in compliance with HIPAA regulations, with approval from the Institutional Review Board, and with a waiver of informed consent. Using an operative database of 714 hip arthroscopies performed between June 2004 and June 2011 we identified all patients who had arthroscopic iliopsoas tenotomy at the lesser trochanter by a single orthopedic surgeon.
The iliopsoas tenotomies were performed utilizing two arthroscopic portals that permitted placement of two cannulas on the anterior surface of the lesser trochanter. The iliopsoas tendon was identified and released from the anterior, medial, and superior edges of the lesser trochanter, and the muscle attachments of the iliopsoas muscle-tendon unit (MTU) were left intact. A prior study has shown that a release performed in this manner maintains the iliopsoas muscle attachments to the lesser trochanter and preserves 40% of the iliopsoas muscle-tendon unit [3] .
Our initial study population consisted of the 169 consecutive patients (mean age, 34.7 years; 35 men, 134 women) who had an iliopsoas tenotomy performed at the lesser trochanter. We then reviewed the medical records of these 169 patients to identify those who had both a preoperative and postoperative hip MR arthrogram. This review identified 20 patients who met these criteria and formed our final study population. There was no documented interval trauma or intervention. This population consisted of 5 men and 15 women, with a mean age of 36.9 years (range 16 to 57). The male and female demographics were similar, with the mean age of the male patients 36.4 years (range 20 to 54), and the mean age of the female patients 37 years (range 16 to 57).
The mean time after iliopsoas tenotomy to MR exam was 654 days; 7 MR examinations were performed within 1 year (35%), 8 examinations between 1 and 2 years (40%), and 5 examinations between 3 and 6 years (25%).
The protocol for MR arthrogram of the hip for these studies included: coronal T1-weighted with fat-suppression ( TR 700, TE 8, ETL=2, matrix 288×224, FOV=18 cm, slice thickness 4 mm with 0.4 mm interslice gap), coronal T2-weighted with fat-suppression (TR 4600, TE 80, ETL= 19, matrix 320×224, FOV 18 cm, slice thickness 4 mm with 0.4 mm interslice gap), sagittal T1-weighted with fat-suppression (TR 700, TE 8, ETL=2, matrix 228×224, FOV= 18 cm, slice thickness 4 mm with 0.4 mm interslice gap), oblique axial T1-weighted with fat-suppression (TR 700, TE 8, ETL 2, matrix=288×224, FOV 18 cm, slice thickness 4 mm with 0.4 mm interslice gap), axial T1-weighted ( TR 650,TE 18, ETL 2, matrix 228×224, FOV=18 cm, slice thickness 4 mm with 0.4 mm interslice gap, and axial T2-weighted with fat-suppression (TR 4000, TE 80, ETL 19, matrix 18× 18, FOV 18 cm, slice thickness 4 mm with 0.4 mm interslice gap) performed after the intra-articular administration of approximately 12 mL of a solution consisting of 5 mL non-ionic iodinated contrast, 5 mL sterile saline, 5 mL of 0.5% ropivacaine, 5 mL 1% preservative free lidocaine, and 0.1 mL of gadolinium contrast. Injection of the intra-articular contrast was performed via an anterior lateral approach utilizing fluoroscopic guidance.
Each postoperative MR arthrogram was evaluated independently by two faculty musculoskeletal radiologists with 10 and 20 years experience in interpreting musculoskeletal MR examinations and one musculoskeletal radiology fellow. Each reviewer compared the postoperative study to the preoperative MR arthrogram to determine if the postoperative study revealed muscle edema with new intramuscular high T2 signal intensity, muscle atrophy (grade 0-4), compensatory hypertrophy (enlargement of the muscles on follow-up MR examination), abnormal signal within the iliopsoas tendon (increased on T1 or T2 sequences), and abnormal iliopsoas tendon morphology (irregularity, distortion) above and below the iliopectineal eminence. We used a previously described grading scale for muscle atrophy as follows: 0=no fat, 1=muscles containing some fatty streaks, 2=fatty infiltration with more muscle tissue than fat, 3=fatty infiltration with equal amounts of fat and muscle, and 4= fatty infiltration with more fat than muscle [9] .
The iliopsoas tendon was considered distorted if it was thickened or irregular in contour. The tendon was considered disrupted if a gap was seen between the tendon and the lesser trochanter. A tendon could be both disrupted and distorted if a gap was seen distally but the tendon was distorted above the gap. A tendon could be distorted both above and below the iliopectineal eminence. For all the MR evaluations, a finding was considered positive if reported by two or three of the radiologists.
Clinical Evaluation
The second hip MR arthrogram was performed in all 20 patients for recurrent hip pain. The diagnoses on the second hip MR arthrogram included new degenerative cartilage loss in 14 patients (70%), recurrent labral tears in 9 patients (45%) and recurrent labral tears versus postoperative change in 3 patients (15%). Additional MR arthrogram diagnoses included new tendinopathy or tearing of the gluteus medius and/or minimus tendons in 3 patients (15%) and peritrochanteric bursitis in 2 patients (10%).
Clinical assessment was performed utilizing the modified Harris hip scoring system described by Byrd [5] by the hip orthopedic surgeon. This scoring system is based on pain (44 points) and function (47 points). The total score is multiplied by 1.1 for a maximum possible score of 100. All hips were evaluated with Byrd's 100-point modified hip scoring system (MHHS) prior to the release, at 6 and 12 months after surgery, and at the time of their follow-up MRI.
Postoperatively, patients were enrolled in a three-phase rehabilitation protocol. Goals of phase 1 (surgery to week 4) were pain control, hip protection, and initial range of motion and leg control exercises. Phase 2 (postoperative weeks 4 to 10) focused on gait, functional movements, and performing a single leg stance for greater than 15 s. Goals for phase 3 included returning to sport-and work-related activities with good control and no pain and improving hip flexor strength, with a goal of 90% of the contralateral side.
Statistical Analysis
Radiologic findings were then correlated with clinical outcomes, as measured by the modified Harris hip scores. For statistical analysis, Cohen's kappa (unweighted) was used to assess inter-reader agreement on binary variables. Separate kappas were computed for each possible pairing of the three readers. To assess overall agreement between the three readers, Light's kappa [11] was computed; this measure equals the arithmetic average of the three pair-wise kappas. Kappa was not computable if at least one reader rated all subjects as lacking a given finding. Standard error (SE) and 95% lower and upper limits were computed for each kappa. All analyses were obtained in R 2.12.1 [13] with the irr 0.83 package [6] . An analysis of variance (ANOVA) was performed on the three atrophy groups (0-1, 2-3, 4) to compare the Harris hip scores at the time of MRI.
Given the large number of attributes examined, descriptive statistics (minimum, maximum, quartiles, mean, and standard deviation [SD]) were obtained for kappas. This was done for each of the three possible reader pairings (Cohen's kappa) as well as for all readers combined (Light's kappa). Generalized estimating equation (GEE) models were used to compare the following above or below the iliopectineal eminence (IPE): (1) iliacus atrophy grade, (2) psoas atrophy grade, (3) iliopsoas distortion, and (4) iliopsoas disruption. These models can account for two kinds of dependence, arising from: (a) each reader grading each subject multiple times and (b) each subject potentially contributing data both above and below the IPE. In all cases, a finding was considered positive if two or more readers agreed on its presence for a given patient. For (1) and (2), a normal family with identity link were used for the GEE models, whereas for (3) and (4) a binomial family with logit link was used instead. In all cases the working correlation structure was specified as independent, and the sandwich covariance estimator was used to calculate the robust standard errors used for inference. P<0.05 (two sided) was the criterion for statistical significance.
Results
The kappa values for all of the pairings indicated fair interobserver variation according to the grading by Landis and Koch [10] . The mean kappa for interobserver variability was 0.245, with a standard deviation of 0.168. Mean values were similar among all reader pairings (0.312, 0.201, and 0.316). The median value was 0.300 for all readers.
Muscle edema was present on the post-tenotomy hip MR arthrogram within the iliacus muscle in 2 patients, within the psoas muscle in 1 patient, and within the quadratus femoris muscle in 1 patient. Compensatory hypertrophy was not observed post-tenotomy in any of the hip musculature including the rectus femoris, tensor fascia lata, vastus lateralis, vastus medialis and gluteus maximus muscles.
Atrophy (Table 1) was most commonly observed in the iliacus and psoas muscles. Eighty-five percent (17/20) of patients had iliacus atrophy and 75% (15/20) of patients had psoas atrophy (Fig. 1) . Iliacus atrophy was more commonly observed below than above the iliopectineal eminence (85% versus 75%) and trended toward a higher grade with an average grade of atrophy of 1.915 below the eminence, as opposed to 1.750 above the iliopectineal eminence. However, this difference was not statistically significant, with a p value of 0.37. Atrophy in the psoas muscle also trended toward a higher degree below in comparison to above the iliopectineal eminence, 2.878 versus 2.585, also not statistically significantly different with a p value of 0.11. However, the severity of the atrophy was greater in the psoas than in the iliacus muscle with a p value<0.001 both above and below the iliopectineal eminence. Atrophy was less frequently observed in other ipsilateral hip muscles and most often present in the gluteus maximus muscles (Table 1) as illustrated in Fig. 1 .
Abnormalities within the iliopsoas tendon were frequently observed, including abnormal intratendinous T1 and T2 signal, distortion, and disruption. Ninety percent (18/20) of patients had increased T1 signal within the residual portion of the iliopsoas tendon (Fig. 2) and 10% (2/20) had increased T2 signal. Thirty-five percent (7/20) of the iliopsoas tendons was disrupted, all below the iliopectineal eminence (Fig. 3) . Eighty-five percent (17/20) of the tendons was distorted below the iliopectineal eminence versus 35% (7/ 20) above the iliopectineal eminence, which was not statistically significant, with a p value of 0.06. Three of the iliopsoas tendons on the post-tenotomy MR arthrogram were graded as without evidence of disruption or distortion when compared to their pre-tenotomy MR arthrogram. None of these 3 tendons had intratendinous T2 signal and only one had intratendinous T1 signal (Fig. 4) . A review of the clinical records of these three patients revealed that all were unable to actively flex their hip for 3 to 5 weeks after their tenotomy indicating that a complete release of the iliopsoas tendon had been accomplished. In addition, none of these patients had experienced recurrent snapping of their tendon at the time of their postoperative MRI.
Modified Harris hip scores (MMHS) were obtained preoperatively, 3 and 6 months postoperatively, and at the time of the postoperative MRI as a measure of clinical function (Table 2 ). Patients were grouped based on the highest grade of atrophy observed in either the iliacus or psoas muscle. There was no significant difference in the MMHS relative to the amount of atrophy observed (p=0.64).
Discussion
We found that iliacus and psoas muscle atrophy was present in 65% and 85% of our patients, respectively, with the greatest severity of atrophy within the psoas muscles preoperatively (a, arrow) . Postoperatively, the iliopsoas tendon demonstrated increased T1 signal, distortion, and disruption below the iliopectineal eminence (b, arrow) with no remaining fibers inserting on the lesser trochanter. This patient also had atrophy of the iliacus (average grade 1.67) and psoas (average grade 3.33) below the iliopectineal eminence. Postoperative imaging was performed approximately 8 months following surgery. preoperatively (a, arrow) . Postoperatively, the iliopsoas tendon remains normal in appearance, with no evidence of abnormal T1 or T2 signal. Additionally, there was no distortion or disruption of the tendon (b, arrow). This patient did have atrophy of the iliacus (average grade 2.00) and psoas (average grade 2.33) below the iliopectineal eminence. Postoperative imaging was performed approximately 22 months following surgery.
However, there was no significant difference in the modified Harris hip scores of the patients with no atrophy, mild to moderate atrophy, and severe iliacus or psoas muscle atrophy at the time of the post-tenotomy MRI. The majority of the patient's in the grade 4 atrophy group had good clinical outcomes, with 73% of the patients (8/11) having Harris hip scores that were greater than 75 out of the possible 100 points. These findings suggest that the degree of iliopsoas atrophy is not predictive of clinical function after iliopsoas tenotomy. There was also no edema within the iliacus or psoas muscles even when the post-tenotomy MR arthrogram was performed only 6 months after the tenotomy suggesting that the muscles had reached their baseline status.
Our study has several limitations. The statistical power of the study was limited by the small number of patients who met the inclusion criteria. Statistical differences in the degree of atrophy may have been observed if more patients were included in the study. Our observers had only mild interobserver agreement such that the significant differences in the compared variable might be observer by observer variation. One of the reasons for our low interobserver reliability may be differences in the assessment of subtle changes at MR imaging and the experience of the readers; one reader was a musculoskeletal radiology fellow. A final and important limitation is that all of our patients had repeat MR arthrograms for recurrent hip pain so we do not know if our findings would apply to asymptomatic patients after iliopsoas tenotomy.
We assume that our intensive physical therapy program that focused on regaining hip flexor strength after iliopsoas tenotomy resulted in good hip function despite the reduced hip flexor power that was evident immediately following the iliopsoas tenotomy. We did not find compensatory hypertrophy of other hip muscles in response to this rehabilitation program which we had expected. We hypothesize that the therapy resulted in greater muscle tone and strength but without enlargement when compared to the contralateral hip and pre-tenotomy MR arthrogram.
We had expected that atrophy would occur in the iliacus and psoas muscles after iliopsoas tenotomy as was found in our study. We do not know why atrophy was noted in 25% of the ipsilateral gluteus maximus muscles. Possibly the gluteus maximus atrophy resulted from loss of the normal opposition to hip extension from the iliacus and psoas muscles.
A discrete gap (disruption) was noted on MR in only 35% of the patients after iliopsoas tenotomy. We presume that scar tissue formed at the tenotomy site simulates a distorted tendon. Interestingly, three (15%) of the distal iliopsoas tendons showed no post-tenotomy distortion which suggests that the post-tenotomy scarring closely followed the original course of the tendon. In addition only one of these three tendons had abnormal intratendinous signal. Those interpreting hip MR arthrograms after iliopsoas tenotomy should be aware that the tendon may appear normal on MR imaging.
Another unexpected finding was that 35% of the iliopsoas tendons was distorted above the iliopectineal eminence. Since the tenotomy is performed at the lesser trochanter, we postulate that tendon retraction resulted in the distortion considerably above the location of the tenotomy.
Iliacus and psoas muscle atrophy occur after arthroscopic iliopsoas tenotomy, but in our patient population, this atrophy was not associated with a significant decrease in hip function. In a minority of the patients (15%), the iliopsoas tendon appeared normal on MR imaging despite the presence of iliacus or psoas muscle atrophy. Informed Consent: Informed consent was waived from all patients for being included in the study.
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